Background: Cockroach has been traditionally utilized in China for the therapy of cardiovascular disorders, such as heart failure. The present
Protocol 2: Mechanisms Underlying the XML-induced Vasoconstriction in Rat Aorta.
In order to verify the mechanisms involved in the vasoconstrictive effect of XML, the following three studies were performed. In the first set of program, aortic rings were washed with Ca
2+ -free
Krebs solution for five times before the application of PE and the following cumulative administration of XML. In the second set of program, an attempt was made to verify that Ca 2+ influx is involved in the XML-induced vasoconstriction. Aortic rings were washed with Ca
2+
-free Krebs solution for five times before the application of PE, and then Ca 2+ was added cumulatively to obtain a concentration-response curve (10 µM-3 mM). XML (500 mg/L) was administrated 10 min before the addition of Ca
. In the third set of experiment, the aim was to clarify whether the vasoconstriction induced by XML relates to the activation of the intracellular Ca 2+ release. The rings were exposed to Ca 2+ -free solution with 50
µM EGTA for 15 min before the application of PE to induce the first transient contraction (Con1). The rings were then washed with normal Krebs solution for three times and incubated for at least 40 min for refilling of the intracellular Ca 2+ stores. Subsequently, the medium was rapidly replaced with Ca
-free solution again and the rings were incubated for another 15 min. The second contraction (Con2) was then induced by 1 µM PE in the absence or presence of XML (500 mg/L) which was added 10 min before PE application. The ratio of the second contraction over the first contraction (Con2/Con1) was calculated.
Systemic Blood Pressure (SBP) and Cytokines Measurements
XML was administered to rats via tail vein by intravenous injection at a volume of 0.4 ml under sterile conditions daily. The control groups 
Proteins Extractions
After blood samples were collected, the thoracic aorta were dissected out from rats and then cut into small pieces and homogenized on ice in lysis buffer (containing 0.02 M Tris-HCl, 1 % Triton X-100, 0.15 M NaCl, 1 mM ethylenediamine tetraacetic acid, 1 mM ethylene glycol tetraacetic acid, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1 mM sodium orthovanadate) supplemented with a cocktail of protease inhibitors. The mixture was centrifuged at 5000 rpm for three minutes at 4°C and the supernatant was kept at -80°C until use. The protein concentration was determined spectrophotometrically using the Bradford protein assay reagent (Bio-rad, Hercules, CA, USA) with serial dilution of bovine serum albumin as the standard.
Western Blot Analysis
For gel electrophoresis, 20 µg of proteins were used. The samples were separated by SDS-PAGE (7.5%) at 200 V, 300 mA for 50 min.
After transferring the proteins onto polyvinylidene fluoride membranes, the blotting was performed at 200 V, 300 mA for 45 min. Blocked with 5% dry milk at room temperature for 1 h, the membranes were then incubated with polyclonal L-type Ca 2+ channels (Ca v1.2 , Cacna1c) antibody antibody was detected by chemiluminiscence (Amersham Biosciences) and exposed to X-ray film.
Statistical Analysis
In isometric tension recordings assay, changes in tension were expressed as an increasing percentage of the basal level. In western blotting assay, changes in protein levels were described as the ratio to β-actin. Data are means±S.E.M. Comparison between two groups was analyzed using Student's t-test. Comparison among three or more groups was analyzed using one-way ANOVA, P<0.05 was considered significant.
Results

Vasoconstrictive Effect of XML in Rat Aorta
XML induced 56.71±6.14% and 74.26±8.52% contraction in endothelium-intact and endothelium-denuded aortic rings, respectively (Fig.   1A ). No significant difference was observed between the two groups.
Mechanisms Underlying the Vasoconstrictive Effect of XML
As showed in Fig. 1B -free Krebs solution, after PE induced a stable contraction Ca 2+ was cumulatively (10 µM to 3 mM) added to the chamber and generated the increased tension in the rat aortic rings. After the aortic rings were pre-incubated with XML (500 mg/L) for 30 min before the application of PE the Ca After rats were administrated with XML for 3 days, the levels of NO and ET-1 in blood samples were not significantly influenced ( Fig. 2A and B). However, the levels of PGI 2 in blood samples were markedly elevated after treatment with XML (317.70±48.01 pg/ml, P<0.01, compared with control, Fig. 2C ). As demonstrated in Fig. 3A and B, result of western blotting showed that the expressions of Ca v1.2 in aorta were significantly increased after rats were treated with XML (500 mg/L) for 3 days. 
Effect of XML on SBP in Rats
As shown in Fig. 3C , after the treatment of rats with XML (500 mg/L) for 3 days, the SBPs of rats were not notably influenced. 
Discussion
The present study reveals a vasoconstrictive effect of XML in rat aorta. /calmodulin-dependent protein kinase known as myosin light chain kinase, which in turn induces the phosphorylation of myosin light chain. The phosphorylated myosin light chain promotes the interaction between myosin and actin, leading to the contraction of vascular smooth muscle (Rembold et al., 1988) . Therefore, the activation of the extracellular Ca 2+ influx through Ca 2+ channels and the increase of the intracellular Ca 2+ release may play pivotal roles in XML-induced vasoconstrictions.
Our results are in consistent with the findings of clinical study which showed XML greatly improved the left ventricular ejection fractions in patients with chronic heart failure (Ma et al., 2013) . Currently, it is widely recognized that the force of muscle contraction generated in heart mostly depends on the Ca 2+ influx as well as the release of Ca 2+ from sarcoplasmic reticulum. Meanwhile, it is also well known that Ca 2+ enters cell cytoplasm from extracellular space is mainly through L-type Ca 2+ channels (Harvey et al., 2013; Treinys et al., 2008) . In the present study,
we also observed the up-regulatory effect of XML on α 1 subunit, the pore-forming subunit, of L-type Ca 2+ channels in rat aorta. Therefore, it is reasonable to presume that XML could activate the L-type Ca 2+ channels in cardiac muscle, which subsequently induces the Ca present study provides an important possibility that XML might exert it therapeutical effect on the right heart failure through affecting PGI 2 level of the patients.
Another interesting finding of the present study is that although XML significantly elevated the tensions of rat aorta, the SBPs of rats were not notably influenced after the rats were intravenously administered with XML. We presume that the counterbalance between the XML-induced elevation of PGI 2 level and the XML-produced vasoconstriction keeps the maintenance of SBP. This finding provides another possible interpretation why XML is considered as a "safe drug" to treat the heart failure (Ma et al., 2013) .
Conclusion
We demonstrated an important role of XML in regulating vascular tone. The activations of the Ca 2+ influx and the intracellular Ca 2+ release may contribute to the vasoconstriction induced by XML. Our findings provide assistance to the better understandings of the mechanisms underlying the therapeutical effect of XML on heart failure. Meanwhile, the present study provided the preliminary data which may benefit the forthcoming investigation which will reveal the effective components of XML on vascular functions.
